12 United States Patent

Z.ang et al.

US011450678B2

US 11,450,678 B2
Sep. 20, 2022

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(1)

(52)

(58)

SPLIT GATE (8G) MEMORY DEVICE AND
NOVEL METHODS OF MAKING THE
SG-MEMORY DEVICE

Applicant: GLOBALFOUNDRIES U.S. Inc.,
Santa Clara, CA (US)

Inventors: Hui Zang, Guilderland, NY (US);
Ruilong Xie, Niskayuna, NY (US);
Shesh Mani Pandey, Saratoga Springs,

NY (US)

Assignee: GlobalFoundries U.S. Inc., Santa
Clara, CA (US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 30 days.

Appl. No.: 16/683,439

Filed: Nov. 14, 2019

Prior Publication Data

US 2021/0151451 Al May 20, 2021
Int. CIL.

HOIL 29/423 (2006.01)

HOIL 27/11556 (2017.01)

HOIL 27/11582 (2017.01)

HOIL 29/51 (2006.01)

U.S. CL

CPC .. HOIL 27/11556 (2013.01); HOIL 27/11582
(2013.01); HOIL 29/42328 (2013.01); HOIL
29/42352 (2013.01); HO1L 29/42364

(2013.01); HOIL 29/51 (2013.01)

Field of Classification Search
CPC ......... HOI1L 27/11582; HO1L 27/11556; HO1L
29/42328:; HO1L 29/51; HO1L 29/42352

See application file for complete search history.

100

N\

1A

106

124R

124 140 — 9 B 142 (MG)
AT ~140C
/ 132 (Ol ———1 B [

(56) References Cited

U.S. PATENT DOCUMENTS

6,862,220 B2 3/2005 Kawahara et al.
9,583,641 B1* 2/2017 Chang ............... HO1L 29/66833
2009/0050955 Al 2/2009 Akita et al.
2012/0299084 Al1* 11/2012 Satto ................. HO1L 29/40117
257/324
2013/0171786 Al 7/2013 Shroff et al.
(Continued)

OTHER PUBLICATTONS

Pitcher, “Thanks for the memory,” www.newelectronics.co.uk, Apr.
26, 2016, pp. 24-25.

Primary Examiner — Sarah K Salerno

(74) Attorney, Agent, or Firm — Yee Tze Lim; Hoflman
Warnick LLC

(57) ABSTRACT

One 1illustrative integrated circuit (IC) product disclosed
herein includes a selection gate electrode and a first gate
insulation layer positioned above a substrate and a memory
gate electrode positioned above the substrate and adjacent
the selection gate electrode, wherein the memory gate elec-
trode comprises a bottom surface and first and second
opposing sidewall surfaces. This embodiment of the IC
product also includes a plurality of layers of insulating
material, wherein a first portion of the layers of nsulating
material 1s positioned between the first gate msulation layer
and the first opposing sidewall of the memory gate electrode,
a second portion of the layers of insulating material 1s
positioned between the bottom surface of the memory gate
clectrode and the upper surface of the semiconductor sub-
strate, and a third portion of the layers of insulating material
1s positioned on the second opposing sidewall of the con-
ductive memory gate electrode.

20 Claims, 27 Drawing Sheets

1018

107

144 144

\

i [ <140 /
%ﬁ ) ' 1404

oS |

Yy oy

e 1 e
102 113 162

Logic Region Memory Region



US 11,450,678 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

2014/0091382 Al1* 4/2014 Tadayomi .......... HOI1L 27/11524
257/320

2014/0120713 Al 5/2014 Shrofl et al.

2015/0041875 Al 2/2015 Perera

2015/0145023 Al1* 5/2015 Arnigane ............ HOIL 27/11568
257/326

* cited by examiner



uoibay Alowep

¢0l

e,
ST
R
s
SN

US 11,450,678 B2

Wi
N
88888888

Heleeielelelele’
e o

E
=
X
X

A H PRSI A A AR R
C e |
. SR
-] E
oo
i
H.”H“r"I"I"II IIII
_ _ e e
e e s "
“H“"l“"l | I.".-. ’“
Y e :
P’ S

Sep. 20, 2022

U.S. Patent

801

diol

uoibay 21601

¢0l

o]
s
e
2ol s
5 K
55K
3
0]
W#ﬂﬁﬂ el
550555 RS

i | |
X050 K0

I A EE NN N h

5
S
.‘..
%

T
S
K
e
85
S
RS
_ e
SN elelels!
et S
5550 0L wﬁ___,
L
o

*

LN
e
et
755

R
A
F

sk o R # n A e 4 ™

e e P
iyt s At T ey S S
_-_'-_li_.u:.._..-..-..-._-._-_.l-_l-_llllllll e e P e N g St
_...-.'n-....q‘.............'f-.f"'..‘-_ _-...'.'"‘"*..-.l............- *-""-.H--.J _...-.'.*.*.--” ........... w .-ﬂ
"."."."-."h“.“.- .."."‘“.”“”.__” ! ".".- L ........f-‘“-..“".— ".".".".""”H"-“." ".".ﬂ. L A |
_"."."."-”.-“.-“ ."."."..“...”."—. .".".." _l."."."-.ﬂ.-.“H“I". ."." “ “ “
_....‘.‘-‘".*.- ..“m.‘-..' ..‘.... | ..‘.‘-.‘HH-.-.. ..“‘.-.*
e A e e
.:"._":"___M__.H#H _._.“..u-_..___.uui._.____ .._“.._"___": :":":_.____-:-.___....u.__.._______ ettt
W Mttt Pt i LA uhatre
et bttt ) B e ey
e i e e
_...'...'..*.‘-. .... | ] "*‘l.l—. .'... _...'...'.-‘.-q'.... .... L -_.
_l.l.l'lﬂ‘*.‘H. .l.l.‘.'"*...".l—. .l.l' _l.l.l".'.‘*hH‘. | ...'.'.."..i.-_.
_....."...".‘-. .....‘.'"*‘..l—. [} ....‘ | ] _......"..'H"ﬂ. ...'.'...".i..—.
_...l-.‘ |l s EAXS+3I@ = ' mEmEaE5HEH5] IEEEEECdN N NX L
m"w%wwm e S e
A, LT e %._“W i A .‘..‘_.u.a.ur ’ Ry
AR, Pyt A :..:_._:__.u_-___._. Wt
Mt il W ety Wi

W lv LI T ] L] LW oy 3
L .__u.__.-...n-..-.r-_ ----- ™ u___ -..__a-..-._-..n.-a._ W r-_-.._#-_-_.....-.u._..nrl:l:l -H-_J-_-.-..-..-.._.l_.
N s S
_"."."."..".-.”.-.”-" ."."."h.”..”"“—. | ".".".".."-."-.”.ﬁ.".". .".".".H”"”-.I—.

HEEEEEY HEEEEXL | N EEEETHEENR ] x X

gt scc) 8 @8 @ et A R

Vi0l

001

L "Bi4



U
N
. P
at
v
n
t
S
e
P
.2
0
y 2
02
2
S
heet 2
of
2
7
U
S
11
4
50
,67
3
B
2

102

114

112

107

: *~*=555555555555:‘i§ K
: #i*
:’-lr*‘f,f

w&i
SR
2
. 1;%:**
* ** o 2
*#ii

s
7
0%

;
-
5
-
— .
58
5
ﬁ***%:*
5SS
o
.*.
ﬁé:%
;

pRRsT
s
*
o
S 7, *‘*‘*‘
|
(L * .

M
&
m
10
ry
Reg
10
n

o
I‘t*‘?
I“'.? ?
-::'.‘:?_I ]
__:*"‘“: -
EE :E::EE::- '::-
*.‘* ’: .Illl-
r *:‘nz::nl-l-l
F‘H III..l-l-l
.", II‘l,lllllll-l-l
."’r_:-n-:.:mw-nl-l
"‘?:?l lll!ﬂi!ll
‘:":‘ ::Hﬂii
.-‘:?:‘_lllll ::""'
-‘:‘:?-lllllll W
“‘:'.?:‘:_IIIIIIIIIHH
th."‘ :::.llllllll
ﬂgﬂ Illllllll
r- h” I.'l.l-l-l-l
-.* ‘,-.illlllll
.‘:'* ':,,hll'lllllnl-l
-}:‘?} H‘-Illilml-l
.'t'.? ::.-liﬂlﬂllll
.'t*’?l ll::ﬂiql
-'t'.‘:?llllll. ::"
".‘l:l-llll.l. :'
::t ‘-..lllllll
h{r ...Illllll
:f :'.Illllll
: .....Ill
: *.*a“illlllll
"‘:::::ln-
u"..
1-"‘==:":
n
-
-

S
A

101B

114

102

112

106

111

Lo
gl
C REQ
To
n

2
108

100
101A

111



U.S. Patent Sep. 20, 2022 Sheet 3 of 27 US 11,450,678 B2

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

lllllllllllllllllllllllllllllllllllllllllllllllllllllll

-------------
.............

-------------
iiiiiiiiiiiii

HHHHHHHHHHHHH

............. f&y

s

A
s

iiiiiiiiiiiii

uuuuuuuuuuuuu

Memory Region

.............. e @ e
AR g e i
—
- [

0
O

2

101B

114

112

106

111

l.ogic Region

100
101A

Fig.

111



US 11,450,678 B2

Sheet 4 of 27

Sep. 20, 2022

U.S. Patent

L

- 1 ] x | ] | ] * | ] - ] | ] = ] n L] ] *
] x ] ] | ] | ] » | ] | ] S | ] » ] ] x ] ] | ] - | ]
L 1 ] x | ] | ] | ] | ] - ] | ] = ] n ] ] x
x ] ] L | | ] - | ] | ] S | ] » ] ] ] ] r - | ]
| ] ] L | ] . ] ] ] ] ] L} | r ] ] L
L] | ] L | ] L] [ ] [ ] L] » ] | ] L] ] L]
H H ] r H L]
L] L] L] L] ¥ L] ¥ L] H L] L] ir ¥
] N L] ] a L] L] ] a n L] o L] +
] 1 | ] | ] F Y | ] | ] a | ] - ] ] = ] ] s | ]
1 ] = | ] | ] * | ] - ] | ] = ] - ] ] S
] ] | ] | ] = | ] | ] ES | ] * ] ] = ] ] | ] | ]
1 ] = | ] | ] | ] | ] - ] | ] = ] F ] ] =
] ] T | ] - | ] | ] ES | ] * ] ] ] ] | ] | ]
1 ] r | ] | ] T | ] r ] | ] x ] ] L | ] =
’ " L] [ n [ ] - [ L n ] ’ | A * - L]
L] h L] ¥ L] L] h L] r H * L] r *
H ] h H L] H L) ] H L] ] L] H Ll L)
] L] ] L] r L] L] L] ] ] L] ] L L] ]
E S ] [ ] | ] L ] u | ] L3 u ] a | ] ] i n X u
] L ] ] x u u i u - ] u E S ] ] ] ] x u ] kY
o ] L ] u

uoiboy Alowas

e
%t
o,

5L

45
o
08
e
%
4

%5

£¢+

o,
el
el
%ﬁ} _
' f}”ﬁtﬁi
L5

-Q-*
A
o
A

e
s
e
2
ey

o

2
5
e

e *
S | .'.*#

o
: .:-EEE:EE ?."**
e
S
:*
e
e
i
I;.,*
2 ST

2
T
: :":::Ei'f:
f
'E

o
e
s
.I.I.Ill-zi‘l-
e
o
W)
v

=

801

—

uoibay 21601

] 0%

] _

(505 _

LS |
? _

R |

s _

KK _

053 _

50505050

e

e

S5

s _

L 52

901

T
"
..w##*#ﬁ
s
: 55
055X 5350000
S e | B
+#+H++ .w#ﬂ*m

o

e e o e e
W 1___._.-_._.______n.__....__._. ] “._.n..":uu".:u L

" e
B
s
S,
T

el

*T*T
5
e

T " e
+:+
2%

_*T
i
5

;

K
k
k
E
",

Vi0l

001




U.S. Patent

100

Sep. 20, 2022

107

101B

106

101A

Sheet 5 of 27

119B

112

l L e e n e,
e
Ty '..-.._,:,j:"
*
L]
=
)

R R R T
|
|
|

e
Y
|

)
oY
-
=

e e o
e S e
e

o
o
o

s
AT
L AN
:-I:l all
t-l*l all
'-I'_I. all
‘I*I' all
LK ]
C & X |
L 2

|

'
S
s
WA,
't't'll;:r_‘_it L,

Pfamigh
Hae A, 12}
e

ar
x
Al
e
T
ﬁ_ = N
AT
G
:‘_ut_‘,i-*::ﬂ e
*4-:'% W A

119A

e B
S Eﬁ-‘
" L | ‘.".'....

Ly T g e

R f

e

i
e
: e %,#

114

r
RS R,

EssaRs
*#%**ﬁ' 5
PRI

F55

111
S
TTeTaTeTe
IF 0t

US 11,450,678 B2

1:
SR

115

e
s e ’%‘ & *:‘** :’*‘***# * *'i N

112

T
o SRR
..."J_‘ HEEEEEN
SR
e A A A N
Ptk *a.'a':'u" o ua
i l{'-l-'*.l-':-' M
:. : -:l:::"-:'f.- ..:.:.:. | .:
s
.. ! 't":‘ ....... | .J
.. ! .t":‘ ....... | .J

"
e e
.. || "I"l‘:‘ L 8 ............ - ..
.. ! .":':'}}’-.......... | ..

-‘
oo
Yl WA
A A AP,
W e S e T
s e L
e
| .'t':““f:. ............. .j
| N N ..t._:t‘l"‘. ............... - J
I EE FXTX -l B EEEENEERN
| .‘ l:""“............... .J
s

e
F'

l.ogic Region

L

TR

A A
SIS
KRR

+i‘#*# -
e
s -

5

S
o Sl
e i:i:h:n:n:
e
W i‘i“ﬂ"i"‘
o ata et
S
o I.I .I.I.I.I
‘I- I. .:.I.I.I.I

r N I.I-I | N N N

I.I N E
o ;*.:::.:E:::::::
e
S
o *I
hubytututuh
-I‘:-lf ‘I*I‘H‘H‘
o e
e
-J l": I"-l-l.l-l.l.l. n
T e e
_‘l I-I ‘I-. I.I.I.I.I ||




U.S. Patent

100

Fig.

Sep. 20, 2022

O
-
w

101A

112

112

111

Sheet 6 of 27

o | p——— e o e
. e . ;._._._:_:;{:_1;:"*.- e e * ** * ﬂ# ﬁ* *
. N
LSRR,
AR
S S SRS
S o o
SR ILIAHIHKK

£ S 75

e .4?&4‘?#5:1

A

AT

5558
s

L

lllllllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllll
iiiiiiiiiiiiiiiiiiiiiiiiii

HHHHHHHHHHHHHHHHHHHHHHHHH

--------------------------

AL AN
i %iiﬁiﬁ* ‘%’:*ﬁ

.
-

SRR
eteiete e, +"’m1r-
ORI

] *
- u XA N EEEEEEEE LN NN Y
o om o or e e e
¥ ) Ea e R Ny
T o :n l‘l"l"ﬁ‘h‘l‘l‘l:l':‘!‘ri* r
" & A % [ LA 'Ilp-'lIIIIII FER A, Lo
hrfi QP b ] ek r-i.n,'
N e A e
Mo MW e e e R B
§ o T M  H H M M e M b Ry i
S, Ll nt et mt s !Iqlqlql_l_l_p- e N T g
------
lllll
iiiiii
HHHHH

llllll

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
!!!!!!!!!!!!!!!!!!!!!!!!!!

-------------------------
--------------------------

NS e AT
< e el S p*-j-*_ **** *_#.* .*'."'*....

e e .*. *lll |..*. *
R, e L A .‘
aERRR SRR Ao B L, W

- ]
=y

IIIIIIIII

11111

US 11,450,678 B2

Memory Region

102

l.ogic Region



U.S. Patent Sep. 20, 2022 Sheet 7 of 27 US 11,450,678 B2

119B

114

112

EL L LEEX? v
b T
|

B e
1 BLRRLRIRRLL
FSSSSEiiiess

? ois, 3
+f}“ﬁ*¢$+*¢3#

; L3 e
N,

AT

e

Fahe
"ﬁ
S
oo
558

05
L4
i

;
[

'

I:I:I:I:I: -
IIIII -
lllll
IIIII -
lllll
llllllllll b E

----- et o i
W -":."':"' !I'.:i:-l: o, .:: :*1:,:;:

o
SRR

e

o

r
X
L o
L o

X
o
ko

Memory Region

o
o
' e
. AT
ey, Ve ke

.
"

119A

e o
S A

e T # I ~ TﬂfTﬁW’xﬁ!i
ARy o _-_-_::::::::EEEEEE i:* * :%#ﬁ* * ﬁ l

112
102

ot *‘ '*' '*‘
::::::::::I L Ty I:E:E:E:g::E:E * * * * * * * * *

Wi Pty
AT oy
e N e H e F A e K R )

118R

O
-
w

R G . A "
e ifﬁ'ifﬁiﬁﬂ#ﬁ%ﬁ

R

l.ogic Region

111

100
101A




U.S. Patent Sep. 20, 2022 Sheet 8 of 27 US 11,450,678 B2

119B

“

BaliIIIIEENIE
-

S O T, i e e o, 0 7 ,

S +%: ﬁﬁ*#&ﬁ

112

: et
RRL
: I@ﬁ#ﬂﬁﬁ!

Memory Region

111

107

101B

lllllll
lllllll

T e o T A T R S T PR P T S
TR

112

e CH
R M AR R R R R RIS

o
o
o
I:I
1-"1-
e

X

h N

ou t"n‘nqp’!
i
A e

118R

106

1:::1::::::fE:E:;;Eﬁigiigiii:f:"""' Ffﬂ'_f‘

L L)
S
LE NN NN I.Ih II::":.:}:}:?
T
H‘ ok
|
)

RS eSeateiatet

&
L] L E
o
g @-ﬁi SESoaN
g™ .*'E. W m‘.ﬁ .‘&. 'y
MMM A A MG Do, 4, My AN

l.ogic Region

111

100
101A

: S, e
- 1I‘I"I-.I-l | | l-‘I:I-t-l'.l. .I.
; 1K & 'i L lf-l._l"l || I.I
Il- L 4 1 | | I-
: T e e
}-"’1-::-;‘_-:1-= :ﬁ'*t ;a-:t=t:t:t
- | -
e
|:..‘I-z'l-:llll. .l‘.l-:l-"lﬁ.: I.I
1T XX AN I-l- B || ||
1'1':'!.‘.‘. lf‘l":‘l-l. .I.
| B X & H | kAN N EN
; e
'r::"';-::"‘: ':'h"'ar E::'n:::
P e, ] A
TR, l"- s l’l.'l'l'
e
1-.l-:'l-'l..l.l l:l-"‘l.‘"..l.l.l.
1‘}‘-}":... || J‘l&’-.l.l.l.
|‘I:'l-'lhl.l I-I‘I.‘I'I.I.I.I.
K N || | N kN I-I ||
e
phena it A A R
it ALl




U.S. Patent Sep. 20, 2022 Sheet 9 of 27 US 11,450,678 B2

115

112

A *#*ﬁ-****ﬂﬁ'u#ﬁ
s

.*.
Tanrr,
S
et tetel e

5
Memory Region

111

107

101B

119A

A e T e o
| EXOOOOOTI
A .-u A w%***% * *** **

LR IRHRXXLK

..... 'é:::: %ﬁ

e e

l.I.I.I.I.I-'I‘l-':'l.l.l.l -l‘l-',‘l.l.l.l.l.l.l.f il"‘-

R e e e o -ﬁ- A
A 2 *, "',

AT e e W M

S A g M M e g Mt

112

118R

106

LI I- o u I' l" ﬂ:I |0 | I‘Iq & *l :I:I‘?;EI. * *

A

Lu o ." :

e g 22 '# i
R R | i ‘ﬁ_! Al -‘- :
e ::;.';::::::::E:;:;::;:::::::::::::::::-:E:;:; * * * 'l: * * * * *,

7
-I:I'
R
b

l.ogic Region

111

RS

100
101A
?"’

: j:i:f:i:.ﬁ: B R

- | X i 4 _u_uY o
; PR e
. 1 ‘-r 3 !I: .I .gl- L)
H A,

oy i* H-. | ) L | I-‘l

L i ] | ) 1 =
s
PR

1"!-:]-’-.-. -."I-:I-’I
1"l-‘ltl..l.l lf}l._:llp
| B
:";-":"n' "':""r o
ARy e E,

Ewxa's LW )

S s

1:}:-!-:].:.:. l:l-:l.‘".

A X ’h. || | ) l&’-
e
S

ey ::"' Ay

MY Ay




U.S. Patent Sep. 20, 2022 Sheet 10 of 27 US 11,450,678 B2

119B

112

S
R,
E S
CRREELLRK
HESEELE,

4 4
e 4l 3
AR

Memory Region

111

107

101B

55
oo
"
e

e W A, o i A A e, A

. BCOOOGLORRRENH N

e *"‘::::::::::::v*;:z ﬂ' ﬂ_ "' % ***q_‘i_‘ m
+* 4 =

112

L R
R ulmhij!hmm T e e

118R

106

S DOTLOORORDOGERE
S N, o, e, | i i P S,
| BOOGOOOONONNAd

e e R ;H* LI
B S '*"“ *‘*‘ ": *‘* '*' *
pRy e Aoy hﬁjgmi #E M

MR s i, 2, v,

l.ogic Region

111

100
101A

111



U.S. Patent Sep. 20, 2022 Sheet 11 of 27 US 11,450,678 B2

115

Y .
N

vty

. T s
L s

; o
35

W
. - Iii::-"lll.
L 3

'~4‘" S

ARG '@ b

. '::#h* RS
L KRR KRS

I
ot
Ty

e e } *
e RN

Memory Region

il -

N
111

124S

I BN EErES s

P e e e e e T T T e e e T e e T Gt Mt M O RE A A T . am s
...........-*."l".......... ...."l' "‘l‘h.............l"f:*l*ll ' * * * m *
g " 4 4
e e A AR
'H‘H‘H"H‘H‘ﬁ?‘h’*ﬂ'ﬂ‘ﬂ'ﬂ‘ﬂ' "'u:¢*4:::w:n:u:u::::::"u:=:uzi:' *

: {3

N

= A B *ﬁ: 5
h e

G R

102

118R

106

G TN e
:E;E5;5g5E:,'":;EE:E:E:5:5:E:5:5:=:‘=:.¢§:::=:=:=:=:=:=$:=:=' g - ’%ﬁ*‘*

R X ‘*%_"‘
s '*“*’ '*‘ ‘*‘* *"' ‘*
T RS SRR
QUIEINON,

W
)

Gt
St
e

b,

)
)
)
)
)
g

l.ogic Region

111

/ i
R S ™ #‘ S '
S ﬁﬁﬁi ﬁ"%ﬁr‘h‘ii#
P e e .
\ Sraianae s %ﬁ#ﬁ* ﬂﬂ o P
S R A R

A

w5

100
101A

111



uoibay Alowspy uoibay 21607

7
- 91l &

US 11,450,678 B2

....... ) y mm.%%
s e T A Vo R
] R~ S 5 A BSS
s s 2 R
s S _ S
W#ﬁdﬂ ﬁ#ﬁ - BIETHTess rete
SRARRIKE, INNENE Telelele Soeteten
¥ 5% e 055
2 S0 & P K588 258

- o F *@ﬁ R

N +¢#m rrrrrrr \ WWHHHM W.ﬁ___w#m

S - -

-

S

- gLl 801

W 44 dicl S S

e

¥ »,

JAt]) 901

Sep. 20, 2022
/V
/

001

U.S. Patent




U.S. Patent

100

Sep. 20, 2022 Sheet 13 of 27

US 11,450,678 B2

N

2
L3

W
P
?ﬁﬁ%‘

0

s

%
oo

X
s

1 ‘t “—r—"*-l—*“ﬁ'—i:::‘ézzj-—'-r-i“rw— +
' 0 0 A i o . N
3 0K ' RS XA H AR
LI . _ S A LIS I PP I I -
S RS s sy
i

e

e e e "
St
i *_,', el ﬁ g3
oSS 50
P PR R L L R,

5%
-
5%

e

-
£

T ALK

Kt
SN
e

SIS %ﬁg
et et

<

Memory Region

| | i
A RERSEREEE

T
20 -
il
!r"
r..

SERfNEagRssses

ORIV

AN

‘:‘!’“‘T S T‘I'T‘I'Tf_i_’l'if_i'lrﬁ_ T‘ﬁ_"‘i‘i"‘r 0 2 0 o, 0 0 i 0, P, P P P T i T
f- SRS _
S K S5 S

LEEEEEEEE

WIKARAI KR HRR,

old A AL LB _kE T _EL A NN W R LRk B ke B S o TN SO S

b3 % A
TOT TR e KEHRHLKAK

e e o S S S
e e s 5

%, ey e e

;'ini"’#*rg# AL, @*ﬁ%#}#’i 5 ﬁ"*#*}* ' %

52508 ettt et tat ettty Tores A

7 L TR B PR R B R ﬁﬂ!ﬁ LA I K KN
L |
-

Logic Region

AN



U.S. Patent Sep. 20, 2022 Sheet 14 of 27 US 11,450,678 B2

WY

1 I Y, Ty
o H '
S

e I
| ml

112

Memory Region

t | F & ¥ 1

N RN
iR

107

101B

124R

118S

106

l.ogic Region

100
101A




US 11,450,678 B2

Sheet 15 of 27

Sep. 20, 2022

U.S. Patent

uoibay Alowep

(90) Z¢1

L0}

di0l

dvcl

n = n
+ ﬂ-----_ i
n -
T Tz
' *7
M 1t
[ o4
L] .F
"-m-----w T
| | | |
n »>
| | L |
n »>
| | | |
n -+
| | | |
n -+
| | | |
H ‘----— 7
hn xa
[y 1
bE e
l' *‘
| | | |
n »>
: “_----w :
n »>
| | | |
n »>
| | L |
n »>
| | L §
. =]
' +1
" +¥
nE T
L] [ 3
+ -—-—-—-—-—- i
n n
| | &+
n n
| | &+
n n
| | ‘-_-_--“ &+
n L |
| | r
n -
A "
Hoy 1y
Py *a
" +
.' FF
n o
: m-__--_-_-mu
n a
| | x
n L |
| | »>
n L |
| | r
n -
[ ] a
CH +

.
Hy a
[ ¥
. 1
n n
| | E S
n n
: ‘________-_. :
n n
| | *
n n
| | *
e =3

S8L1

uoibay 2160

901

n]]]]]1:::]]]]]]]1::::]]]]];:::T;:::}]}:;:}]]]}];}::::}]
A EEEE N FEYXYEEEEEEE FEFIEEEEEEFEXIHSTEEEEEEFEFETYEEEEEEFETFFTIEER
HVANApsdtdddaMAA ARt MM AR R hd i b NN ARkt a bk AR A AR A MY
LAAHN MR RL LA NN AR R LA A h NN R LA A A A ARkt MMM E LA AN
B O R i it

IEEEE NN+ FIEEE NN FC XN EE NN NN FEFLIEEEEEECXSEEEEEENFEXTENER
EEEEEEFLFFEEEEEEFCFFYEEEEEEFLFFINEEEEEFFFTNEEEEEEFEFFUNER
INMNY A ppFldg AR ARt N d A p b M AR AR Ak AR b o h Y
[ AR RER RN R RN R S NN R XN R FENNFRRRNRELS FEND

Vi0l

001




U.S. Patent Sep. 20, 2022 Sheet 16 of 27 US 11,450,678 B2

1198
&

134A
115

112
2

by

Memory Region

A b g

1018
107
34
.@;f
o

124R
119a144

102

] ] ] = = n ] ] ] = L3 ] ] ] £ T =n u u x [ 3 ’ u u u "‘

lllllllllllllllllll
lllllllllllllllllllll
iiiiiiiiiiiiiiiiiii

H ¥ ¥ E & & H ¥ M H ¥ i H ¥ ¥ ¥ 4 & H ¥ N

118S

!!!!!!!!!!!!!!!!!!!

---------------------

106

__________________________________________________________

-]
llllllllllllllllllllll

lllllllllllllllllll

l.ogic Region

iiiiiiiiiiiiiiiiiii

iiiiiiiii

---------
---------
iiiiiiiiiiiiiiiiii
llllllllllllllllll

-------------------------

11111111
IEEEEEEE+ I N EEEEEEEESEEEEEEEFEFLINEEEEEEXFE NN NN ENFEX N NNNNER
EEEEEEEEFFEEEEEEEF ST EEEEEEFE R IE NN NN NP4+ I NN NN NN FE+F TN ENENE
‘mm

imn

Am

el

LI

imn

m

imn

m

imn

m

hmr

L L [ N

L

IV Al A AN NSt h b A pppl b AR L WY
AEEddEEYTAAE N NN AR LA A NN A AL AN NN NI F LN NN NN A dNENY

100
101A




U.S. Patent Sep. 20, 2022 Sheet 17 of 27 US 11,450,678 B2

134A
115

___________________________________________________________

Memory Region

| I

%. nan
/ Val {
[ _
- } T

101B
107
3
i =unnns

124R

102

118S

HHHHHHHHH
-------------------
--------------------
-------------------
hhhhhhhh
HHHHHHHHHHHHHHHHHHH
---------------------

106

.........................................................

-]
llllllllllllllllllllll

lllllllllllllllllll

l.ogic Region

A
iiiiiiiiiiiiiiiiiii

---------------

130

lllllllll
lllllllll

lllllllll
iiiiiiiiiiiiiiiiii

llllllllllllllllll

lllllllllllllllllllllllll
IEEEE R FES4 FIEEEEEEECEFFEEE N E N EF LI FLIEEE N EEE XS EEEEEEEFTETITEENEENER
LR BN R NE RS+ 1NRENRRENERRESLERNNRERRERESLALENERNERIFSLELERNRNERMNEESSZLERRRRDNI
‘man

imr

LI ]

[

LR

[ By

nm

ims

nm

ims

nm

hmn

L3 [N ]

ARE

TW W kg by o W WY o b A bl b b kbl g pp o g Mk W Wb WA
EdddEEREA A AN EERF AL A NN E YA NN FEEFAddN N WAy A qdNENT

100
101A




U.S. Patent Sep. 20, 2022 Sheet 18 of 27 US 11,450,678 B2

nnnnnnnnnnnnnnnnnnnnnnnn
-------------------------

.
'"AMARAFFETERTAAARRR RN

B e i I T T I I

136
\
144

=

=

=

L
]
o
.
I:'

.
I:I-
I'I-
L +*
rEs
Tt
'k" E
¥ +

nti b
H:l I:
n * -
I‘I‘ 'I'.‘
It} l:
I:i l:
I'i l:

- -
wES b
M i
'hl *ﬁ n
w¥e *? X 4 N WK A w
- £ F
l"‘l- 'I'
l:} 'I:
l:l 'I'.‘

L 3 - - - - - - - - - - - - - - L 3
PE et NigETaCN Im Sm Te e T g

;
;
X

I
- nEN

A A {

144

101B
107

124R

144

IS FETEE NN NN S FETYFE RN EEFEXSEEEEEEEEETLENEENND
EEEEFETLYIEEEEEEFF TS IEEEEEFEFFY NN EEEEFETr*INENEN
LR N

m

LRI ]

LA

L ]

]

imn

m

imn

m

imn

hm

L ke

-hH

LA A LA RN AL LR RERRERELLERERRNRE L ELRLERNNN

EE NN LU dA AN N EEFAJ AN N WNARF LN NN AN NRELLAqNENY

102

118S

iiiiiiii
HHHHHHHHHHHHHHHHHHHHH
llllllll
llllllllllllllllllll
lllllllllllllllllll
iiiiiiiii
iiiiiiiiiiiiiiiiiii
lllllllllllllllllllll

106

..............................................

-]
llllllllllllllllllllll

l.ogic Region

lllllllllllllllllll
iiiiiiiiiiiiiiiiiii

iiiiiiiii

---------
---------

iiiiiiiiiiiiiiiii
llllllllllllllllll

lllllllllllllllllllllllll
EEEEEEEFE NN N NN EFEFLIEEEEEEEXESE NN EEEEFEFLENENNR
I EEF S+ T NN NN FE TN NN N NN F# 43I NN NN NN FES+FTINNENND
‘mm
imn
Am
el
L
IRk
m
imn
m
imn
m
s
r
L
LR R L L L L L L R L LSRN
A EE A RRLA A EENERELA AN AN ERLLAdAEENE

MW MHERLY

100
101A

Ty
IlANNERERA




U.S. Patent Sep. 20, 2022 Sheet 19 of 27 US 11,450,678 B2

| Jh

s

W
1
n

)
| %

T
N
"
",
T

i
WA 4"5?‘?:

il
f
WO

‘:‘Iplni“lp -ﬁ

T

LA LB BN BERASENRERERSSENNERERLLERNERRNSELLENNDN.]
B T T o A A I I I I R I I

EEFSf*EEEE FTFIFEEEEEFSNSEEEETFFEENEES

Memory Region

101B

I ﬂ.' | ! ﬂ.- T Hf
LR s £ MR,
1 oy || -l* :‘
A L R

/NN

146X

Ly A g AL A HEH R oW pppral AN EEL NN RN YR
44d I N ECES+AdE N E N EECES4ddddEXEdddEEEEESFAdddEEEESFddddEE
T

L iy

102

Y
LM Rk AL Rk R AR R R A R R R AR AL R R A A
dAdd I EECETdddE N EECES4ddEEEECE 4 dEEdEEEEdaddE N R CadadaEER

106

LI
Pl ol i T
Iﬂ,.ﬂ,.::a::::ututuiu\luh e

A M e

e e R L LA A A A EEL LA AT EEEL LA o b EEE Lo oo o m
Xd AR PR i m bbb hor RN ARtk d AR AR b AR R
FRAMM M H LA AW MHE LA AN M H Rl MW WML UM M RPN

| 4

TN ANFTT FEFCTFENAAEFESFUNANFCTENA AR FETTAANEEFSE
i A Ad kb nAR Ak hrppkr b Ar cpkhbh A AR A RAAAN
P L FrRAarTA~AT=RPATA s=RFPrFPAAvYesFRFAATmSTASE

Logic Region

|
L
LA Y

i,

)
i

X

&

M

i

e

2
WAL

B
"l-':-':‘l‘l"l‘l‘l"-l-'}:

TEEEEEFTFENENEFT*EEEEFFYSEEEEFFTSENNEFFTSENNNF
TEEEEEFETYI RN EFTTYH*EEEEFTYAEEEEFTAU NN EPFPFTYOOEEET
L
F UL
L ]
inr
nm
[
TN NN AFTFEEEN EF T FE NN EFFFFEEEEATFFINEEEFE SN NN NN

cwhddrrklranbhd Frrrrsnddnrrranddrrrrann bbb Ty Al d i

|

100
101A
146X



U.S. Patent Sep. 20, 2022 Sheet 20 of 27 US 11,450,678 B2

1198

124

116Y

140C.
140B
140A

140
140Z
2Y
i
102

144
140X

136

132

(CG)
Memory Region

107

144

Saese
7
7
5
Z

101B
4

e
7

100




.S. Patent Sep. 20, 2022 Sheet 21 of 27 S 11,450,678 B2

100
101B

\

140A- 103 140C

|
n_»
.I.'l'

W

133X T

u
>
I'._I

B o L L L B L T L L T T L LT WL T T T L T L L] L L B L ML T L T T L A L o T T o MLl L L T T ST WL a7 L AL L e L AL WL T LT

it g e A g

d

M LM LN A LEE MBS SN N LEm AEm mE

"
i - |
i -
e l

. LR

x AL

EE*EEEFTYNr IFTYEEEFFNEEFSuEFFTYFFEAdrranEFrTrang I.l..! EEPF

L] [ ] ]
EHR R [

hrekEdhmprreran

r
PR LRI LT ' n ] = | . # LI

T T T T T e T T I T L L T L T T T T T L T L T L e T T L T T L T T L L L T T T T L T T T e Ll e T T e B L e T T L T T T e L e B L B e L L L T T T T T L e L T T T T T T T T T T T L T T T T T B T T T T L T T T T T L ) ML oL LT T ML o L o L T 20 1 B T e

A




US 11,450,678 B2

Sep. 20, 2022 Sheet 22 of 27

Patent

U.S.

uoibay Alowdy uolbay 21607

RS %ﬂmm 0 K005
58S sSse s RS
50 sietelels e SR
s 55 s 335
e S R 5938555
5 5055 K St
: SR Mttt RIS
5% | +++#M feleet S
88 s R s
ZL1 NS S8l S80I
ﬁ 901
00}

Ze ‘b4



U.S. Patent Sep. 20, 2022 Sheet 23 of 27 US 11,450,678 B2

134A

R
SIS

SR

55

% I '
Memory Region

S
L ML
s

107

101B

¥

124R

SRS

R S,

106

A N
BRI

SR Ry
@@&1&4"&* IO

RN,

Fah I,

l.ogic Region

100
101A

Fig. 23
N\




U.S. Patent

Fig. 24
\

Sep. 20, 2022

107

101B

106

101A

Sheet 24 of 27

134A

US 11,450,678 B2

llllllllllllllll

*4‘1
&
S

&
A

2
%:
o .
W
S
S
FL
]

i
5%
3
S

NS
5
S

0%

‘!*_T
e
e
Memory Region

E,
e
55

3505

3533

5
S
e

5

5%
il

o
L
o
S
e
';+
2
o

e
25
4

ol

. P,
LI
.l -

—_—— e
ﬂ

i
¥,
0
"

llllllllll

ek

<t

124R

I ——
RS
%ﬁﬂ'ﬁ%ﬁ*ﬁ*ﬁ* SIS
S SO
SNLIIOILOIIIS,

ALY

|

s
s
SETRleteY et Ta e Ie e

Heseiesetel letetatatetele!

L ey | L N
3 - - L}
3 L}
[ I I Y
LI T B ] »

l.ogic Region



U.S. Patent Sep. 20, 2022 Sheet 25 of 27 US 11,450,678 B2

llllllllllllllll
llllllllllllllllll

rrrrrrrrrrrrrrrrrrrr
nnnnnnnnn

o e A A %, 7 "!'"!'"!‘"!';
'%*?** Soes %&*ﬁ***%
555 sa SIS
RS SISl
RIS
KRR

L A% =& ___§RE. . NN _&E _§LBE. . _§8B. _§B§ XX __§LR§E.._J§}]

/1 i .
I ERERE O
| N Y
i |

1 N SO SO N OO SO Y I O SO OO I ¥

Memory Region

136
JaN
144

107

101B

124R

R R AT
et asteors
ARt
R

118S

106

/
1083

RS,
o3 >
;

L *l;.#
N A |
Y s

S
5

l.ogic Region

100
101A

Fig. 25
N\



U.S. Patent Sep. 20, 2022 Sheet 26 of 27 US 11,450,678 B2

llllllllllllllll
lllllllllllllllll

rrrrrrrrrrrrrrrrrrrr
tttttttttt

136\
144
Memory Region

!
—

- -
-

—

—

HHH““H“““H“Hi 7

101B
107

124R

106
118S

l.ogic Region

100
101A

Fig. 26
N\

I PP ICTFEEEEE NN AP FITNFGEE NN NN IS FEETNSAE SN NN EESNFFENFECEEN
EEEE4FFEEEEEEEEEEEE S X LN N NN EEEEEEFFEELEE N EEEEEEEFEEEFTINNENND
"mm
i
im
ami
ol
i
LI
WAL
LY
i
m
im
m
amn
IEAFEEY*EEEEEEEEESFEEYFEEEEEEEEINFEE Y S EEEENENENESEEXESSEEENER
EFFES 4T IEEEEEEEEEFES# LT EEEEEEENEEFE+ 4TI NN NN ENEENFE+43TINNNNNI]




U.S. Patent Sep. 20, 2022 Sheet 27 of 27 US 11,450,678 B2

llllllllllllllll
lllllllllllllllll

:n;gg:a::ag:z::.“;- &
f =
: Q)
.............................. m
<« | S
< &
- QO
=
I
-
b
o / /'
~ -
o
Q
o~
b ua
w
w
p—
)
0O
-«
=
S <
) \ - o -
h o
2
E
o
oD
o
—

100
101A

Fig. 27
\




US 11,450,678 B2

1

SPLIT GATE (8G) MEMORY DEVICE AND
NOVEL METHODS OF MAKING THE

SG-MEMORY DEVICE

BACKGROUND

Field of the Invention

The present disclosure generally relates to various novel
embodiments of a split gate memory device (SG-memory
device) such as, for example, a split gate MONOS (Metal
Oxide Nitride Oxide Semiconductor) device and various
novel methods of making such an SG-memory device.

Description of the Related Art

In modern integrated circuit products, it 1s becoming more
common to embed nonvolatile memory cells and logic-
based semiconductor devices, such as microprocessors,
together on the same semiconductor substrate (or chip) to
increase the overall performance of the IC product. One
form of nonvolatile memory cell 1s known as tlash memory
cells. One traditional form of such flash memory cell
included a separate control gate and a separate floating gate
that was positioned vertically below the control gate. A
tunnel oxide 1s positioned between the tloating gate and the
substrate while another layer of oxide 1s positioned between
the control gate and the floating gate. As a result, the stack
of matenals for the flash memory cell 1s much taller than the
gate stack (gate electrode plus gate insulation layer) used on
the transistors 1n the logic circuits. This difference 1n height
makes embedding such flash memory devices on a substrate
with logic devices challenging. Other forms of nonvolatile
memory devices such as, for example, a split gate MONOS
(Metal Oxide Nitride Oxide Semiconductor) device seek to
overcome this problem by essentially forming two gate
clectrode structures—a selection gate electrode (CG) and a
memory gate electrode (MG) above the substrate. A gate
insulation layer was positioned between the selection gate
clectrode (CG) and the substrate. A combination of isulat-
ing materials, 1.e., a tunnel oxide layer, a charge storage
layer (e.g., silicon nitride) and an 1nsulating oxide layer was
also formed for the device. A first portion of these msulating
materials was positioned between the selection gate elec-
trode (CG) and memory gate electrode (MG). A second
portion of these insulating materials was positioned verti-
cally below the memory gate electrode (MG) and above the
upper surface of the substrate. However, what 1s still needed
1s a way to manufacture such split-gate devices in a manner
that 1s both eflicient and can be readily incorporated into
existing process flows that are used to manufacture high
performance transistor devices.

The present disclosure 1s generally directed to various to
various novel embodiments of an SG-memory device and
vartous novel methods of making such an SG-memory
device.

SUMMARY

The following presents a simplified summary of the
invention 1n order to provide a basic understanding of some
aspects of the invention. This summary 1s not an exhaustive
overview ol the invention. It 1s not imtended to identily key
or critical elements of the invention or to delineate the scope
of the invention. Its sole purpose 1s to present some concepts
in a simplified form as a prelude to the more detailed
description that 1s discussed later.
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2

Generally, the present disclosure 1s directed to various to
various novel embodiments of an SG-memory device and
vartous novel methods of making such an SG-memory
device. One illustrative imtegrated circuit (IC) product dis-
closed herein 1includes a conductive selection gate electrode
and a first gate insulation layer positioned above a semicon-
ductor substrate and a conductive memory gate electrode
positioned above the semiconductor substrate and adjacent
the conductive selection gate electrode, wherein the con-
ductive memory gate electrode comprises a bottom surface
and first and second opposing sidewall surfaces. This
embodiment of the IC product also includes a plurality of
layers of insulating material, wherein a first portion of the
plurality of layers of insulating material 1s positioned
between the first gate mnsulation layer and the first opposing
sidewall of the conductive memory gate electrode, a second
portion of the plurality of layers of insulating material 1s
positioned between the bottom surface of the conductive
memory gate electrode and the upper surface of the semi-
conductor substrate, and a third portion of the plurality of
layers of insulating material 1s positioned on the second
opposing sidewall of the conductive memory gate electrode.

Another 1llustrative IC product disclosed herein includes
a conductive selection gate electrode and a first gate 1nsu-
lation layer positioned above a semiconductor substrate and
a conductive memory gate electrode positioned above the
semiconductor substrate and adjacent the conductive selec-
tion gate electrode, wherein the conductive memory gate
clectrode comprises a bottom surface and first and second
opposing sidewall surfaces. This embodiment of the IC
product also includes a first layer of insulating material
positioned on and in contact with the first gate insulation
layer and on an in contact with an upper surface of the
semiconductor substrate, a second layer of insulating mate-
rial positioned on and in contact with the first layer of
insulating material, and a third layer of insulating matenal,
wherein an outer surface of the third layer of insulating
material 1s positioned on and 1n contact with the second layer
of msulating material and an inner surface of the third layer
of insulating material 1s positioned on and 1n contact with the
first opposing sidewall surface, the bottom surface and the
second opposing sidewall surface of the conductive memory
gate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the
tollowing description taken in conjunction with the accom-
panying drawings, in which like reference numerals identify
like elements, and in which:

FIGS. 1-27 depict various novel embodiments of an
SG-memory device and various novel methods of making
such an SG-memory device. It should be noted that the
attached drawings are not to scale.

While the subject matter disclosed herein 1s susceptible to
vartous modifications and alternative forms, specific
embodiments thereof have been shown by way of example
in the drawings and are herein described 1n detail. It should
be understood, however, that the description herein of spe-
cific embodiments 1s not mtended to limit the invention to
the particular forms disclosed, but on the contrary, the
intention 1s to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the inven-
tion as defined by the appended claims.

DETAILED DESCRIPTION

Various 1illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of
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an actual implementation are described 1n this specification.
It will of course be appreciated that in the development of
any such actual embodiment, numerous implementation-
specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and
business-related constraints, which will vary from one
implementation to another. Moreover, 1t will be appreciated
that such a development eflort might be complex and
time-consuming, but would nevertheless be a routine under-
taking for those of ordinary skill in the art having the benefit
of this disclosure.

The present subject matter will now be described with
reference to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings for
purposes ol explanation only and so as to not obscure the
present disclosure with details that are well known to those
skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the
present disclosure. The words and phrases used herein
should be understood and interpreted to have a meaning
consistent with the understanding of those words and
phrases by those skilled in the relevant art. No special
definition of a term or phrase, 1.e., a definition that is
different from the ordinary and customary meaning as
understood by those skilled in the art, 1s itended to be
implied by consistent usage of the term or phrase herein. To
the extent that a term or phrase 1s intended to have a special
meaning, 1.€., a meamng other than that understood by
skilled artisans, such a special definition will be expressly
set forth 1n the specification 1n a defimitional manner that
directly and unequivocally provides the special definition for
the term or phrase.

As will be readily apparent to those skilled 1n the art upon
a complete reading of the present application, the presently
disclosed method may be applicable to a variety of products,
including, but not limited to, logic products, memory prod-
ucts, etc. With reference to the attached figures, various
illustrative embodiments of the methods and devices dis-
closed herein will now be described 1n more detail.

FIGS. 1-27 depicts an integrated circuit product 100 that
comprises a logic region and a memory region. A plurality
of transistor devices 101 A will be formed 1n the logic region
and a plurality of SG-memory devices 101B will be formed
in the memory region, although only a single SG-memory
device 101B will be shown 1n the memory region in the
attached drawings. The IC product 100 will be formed above
a semiconductor substrate 102. The substrate 102 may have
a variety of configurations, such as a simple bulk configu-
ration. Alternatively, the substrate 102 may be 1n the form of
a semiconductor-on-insulator (SOI) substrate that includes a
base semiconductor layer, a buried insulation layer posi-
tioned on the base semiconductor layer and an active semi-
conductor layer positioned above the buried insulation layer.
The substrate 102 may be made of silicon or it may be made
of materials other than silicon. Thus, the terms ““substrate” or
“semiconductor substrate” should be understood to cover all
semiconducting materials and all forms of such maternals.
The various components, structures and layers of material
depicted herein may be formed using a variety of different
materials and by performing a variety of known process
operations, €.g., chemical vapor deposition (CVD), atomic
layer deposition (ALD), a thermal growth process, spin-
coating techniques, masking, etching, etc. The thicknesses
of these various layers of material may also vary depending
upon the particular application

As will be appreciated by those skilled in the art after a
complete reading of the present application, the transistor

10

15

20

25

30

35

40

45

50

55

60

65

4

devices 101 A and the SG-memory devices 101B disclosed
herein may be N-type or P-type devices. Moreover, the
transistor devices 101 A and the SG-memory devices 101B
disclosed herein may come 1n a variety of different forms,
¢.g., planar devices, FinFET devices, etc. In some cases, the
transistor devices 101 A may be FinFET devices and the
SG-memory devices 101B may be planar devices, or vice-
versa. In one particularly illustrative example, the transistor
devices 101 A and the SG-memory devices 101B are FinFET
devices. However, as noted above, the various inventions
disclosed herein should not be considered to be limited to the
particular examples shown in the attached drawings and
described below.

FIG. 1 depicts the IC product 100 after several steps have
been taken to form the transistor devices 101A and the
SG-memory devices 101B above the semiconductor sub-
strate 102 having an upper surface 102A. In the 1llustrative
case where the transistor devices 101 A and the SG-memory
devices 101B are FinFET devices, the upper surface 102A
would correspond to the upper surface of a fin. FIG. 1
depicts the IC product 100 after a plurality of gates 106 were
formed 1n the logic region for the transistor devices 101A
(three of which are depicted) and a gate 107 was formed 1n
the memory region for the single SG-memory device 101B
depicted herein. Each of the gates 106, 107 comprises a
sacrificial gate structure 108, a gate hardmask 111 and a
sidewall spacer 112. The gate structures 108 generally
comprise a sacrificial gate insulation layer (not separately
shown) and a sacrificial gate electrode structure (not sepa-
rately shown). In one embodiment, the sacrificial gate 1nsu-
lation layer may be a thermally grown layer of silicon
dioxide, the sacrificial gate electrode structure may be made
ol a material such as polysilicon or amorphous silicon, while
the gate hardmask 111 may be made of a material such as
silicon nitride. The thickness of these materials may vary
depending upon the particular application. The sidewall
spacer 112 was formed by depositing a layer of spacer
material (e.g., silicon nitride, a low-k material, etc.) and
thereafter performing an anisotropic etching process. The
spacer 112 may be of any desired thickness (as measured at
its base). Of course, 1n some embodiments, more than one
spacer may be formed adjacent the sacrificial gate structures
108.

The gate length direction (GL) for the transistor devices
101 A and the SG-memory device 101B are depicted in FIG.
1 as well. As will be appreciated by those skilled 1n the art
alter a complete reading of the present application, the gate
pitch for the gates 106 (for the transistor devices 101A) 1n
the logic region may be much smaller than the gate pitch for
the gates 107 (for the SG-memory devices 101B) in the
memory region. Moreover, the gate structures 108 for the
transistor devices 101 A may have a much smaller critical
dimension (in the gate length direction) than do the gate
structures 108 for the SG-memory devices 101B.

FIG. 2 depicts the IC product 100 after a conformal
deposition process was performed to form a conformal
ctch-stop layer 114 above the substrate 102. The etch-stop
layer 114 may be comprised of a variety of diflerent mate-
rials, e.g., silicon nitride, and 1t may be formed to any
desired thickness, ¢.g., 2-6 nm.

FIG. 3 depicts the IC product 100 after a patterned etch
mask 113, e.g., a patterned layer of photoresist or OPL, was
formed above the conformal etch-stop layer 114. Note that
the patterned etch mask 113 covers one side of the SG-
memory device 101B. As one example, where the transistor
devices 101 A and the SG-memory devices 101B shown 1n
FIG. 2 are N-type devices, the patterned etch mask 113
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would cover all of the P-type transistor devices (not shown)
in the logic region, but the patterned etch mask 113 would
not cover the N-type transistor devices 101 A 1n the logic
region.

FIG. 4 depicts the IC product 100 after an etching process
was performed through the patterned etch mask 113 to
remove exposed portions of the conformal etch-stop layer
114. Thereatfter, the patterned etch mask 113 may be
removed.

FIG. 5 depicts the IC product 100 after several process
operations were performed. First, an etching process was
performed to form epi cavities 115 1n the substrate 102 in
both the logic region and the memory region. The depth of
the ep1 cavities 115 may vary depending upon the particular
application. Next, epitaxial semiconductor material 116 was
formed 1n the ep1 cavities 115 by performing an epitaxial
growth process. In the case where the transistor devices

101A and the SG-memory devices 101B shown in FIG. 5 are

N-type devices, the epitaxial semiconductor material 116
may be N-doped silicon, silicon-carbon, etc. In the case
where the transistor devices 101A and the SG-memory
devices 101B shown in FIG. 5 are P-type devices, the
epitaxial semiconductor material 116 may be P-doped sili-
con, silicon-germanium, etc. The ep1 material 116 may be
formed to any desired thickness. When completed, the
SG-memory device 101B will have source/drain regions
119A-B. Note that, at this time, the epitaxial semiconductor
material 116 has only been formed 1n the source/drain region
119A of the SG-memory device 101B.

FIG. 6 depicts the IC product 100 after performing a
conformal deposition process to form a conformal layer of
material 118 above the substrate 102. The conformal layer of
material 118 may be comprised of a variety of diflerent
matenals, e.g., silicon dioxide, and it may be formed to any
desired thickness, e.g., 10-20 nm. Note that, due to the
tighter gate pitch in the logic region and the thickness of the
conformal layer of material 118, the conformal layer of
material 118 pinches ofl in the space between the gates 106
in the logic region.

FIG. 7 depicts the IC product 100 after an 1sotropic
etching process was performed to remove portions of the
conformal layer of material 118. This etching process results
in the removal of the conformal layer of material 118 1n the
memory region, while portions of the conformal layer of
material 118 remain positioned between the gates 106 1n the
logic region. The material of the conformal layer of material
118 that remains 1n the logic region now has a recessed
upper surface 118R.

FIG. 8 depicts the IC product 100 after several process
operations were performed. First, the etch-stop layer 114
was removed. Next, a relatively wide sidewall spacer 120
was formed adjacent the gate 107 of the SG-memory device
101B. The sidewall spacer 120 was formed by performing a
conformal deposition process to form a conformal layer of
spacer material above the substrate 102 and thereaiter per-
forming an anisotropic etching process. The lateral width of
the spacer 120 at 1ts base may vary depending upon the
particular application, e.g., 10-80 nm. In one illustrative
example, the spacer 120 may be comprised of a material
such as, for example, silicon nitride.

FI1G. 9 depicts the 1C product 100 after an etching process
was performed to remove a portion of the epitaxial semi-
conductor material 116 in the source/drain region 119A of
the SG-memory device 101B and to form another ep1 cavity
115 1n the substrate 102 1n the source/drain region 119B of
the SG-memory device 101B. The etching process
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employed may have both 1sotropic and anisotropic charac-
teristics, e.g., note the undercutting of the spacer 120.

FIG. 10 depicts the IC product 100 aifter additional
epitaxial semiconductor material 116 was formed 1n the epi
cavities 115 1n both of the source/drain regions 119A-B of
the SG-memory device 101B.

FIG. 11 depicts the IC product 100 after a layer of
insulating material 124, e¢.g., an ILD layer, was formed
above the substrate 102. The layer of insulating material 124
was formed such that its upper surface 124S is positioned
above the upper surface of the gate hardmasks 111. The layer
of 1nsulating material 124 may be comprised of, for
example, silicon dioxide, a low-k material, etc.

FIG. 12 depicts the IC product 100 after one or more
chemical mechanical polishing (CMP) processes and/or
etch-back processes were performed to remove portions of
the layer of insulating material 124, portions of the sidewall
spacer 120, portions of the sidewall spacer 112 and the gate
hardmasks 111. These process operations result in the expo-
sure of an upper surface 108S of the sacrificial gate struc-
tures 108 for the gates 106 and 107.

Next, 1n one 1illustrative embodiment, a gate-cut-last
approach will be employed to cut the gates 106, 107 to their
desired axial lengths, which may be different from one
another. Accordingly, FIG. 13 1s a simplistic plan view of the
gates 106 and 107 after they have been cut and additional
insulation material 124 has been deposited to fill the areas
occupied by the removed portions of the gates 106 and 107.
In the depicted example, the gates 106 1n the logic region
have a shorter axial length than the gate 107 1n the memory
region. The gate cutting process may be performed by
forming an appropriate patterned etch mask on the product
and thereafter performing one or more etching processes to
remove the desired portions of the gates 106, 107.

FIGS. 14-19 depict one 1llustrative process flow wherein
the final transistor gate structures for the transistors 101A,
the selection gate electrode 132 (CG) and a gate nsulation
ayer 133 of the SG-memory device 101B will be formed
prior to the formation of the memory gate electrode 142
(MG) and a plurality of insulating material layers 140
(described below) for the SG-memory device 101B. Accord-
ingly, FIG. 14 depicts the IC product 100 after one or more
etching processes were performed to remove the sacrificial
gate structures 108 for the transistors 101 A and the SG-
memory device 101B. This results in the formation of a
plurality of replacement gate cavities 125.

FIG. 15 depicts the IC product 100 after several process
operations were performed to form simplistically depicted
final replacement gate structures 130 1n the gate cavities 125
for the transistors 101 A and the selection gate electrode 132
(CG) and a gate insulation layer 133 were formed 1n the gate
cavity 125 of the SG-memory device 101B. In one 1llustra-
tive embodiment, each of the final replacement gate struc-
tures 130 comprises a high-k (k value of 10 or greater) gate
insulation layer 130A and various conductive materials (not
separately shown) 130B, 1.e., one or more metal or metal-
containing layers of material and/or polysilicon that function
as the gate electrode 130B of the final replacement gate
structures 130. In one particularly 1llustrative example, the
gate insulation layer 130A and gate electrode 130B, respec-
tively, of the gate structures 130 of the transistor devices
101 A and the gate insulation layer 133 and the selection gate
clectrode 132 (CG), respectively, of the SG-memory devices
101B are made of the same materials. After the various
materials were formed 1n the replacement gate cavities 125,
one or more CMP process operations were then performed
to remove excess portions of the materials positioned out-
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side the replacement gate cavities 125. As mentioned above,
this results in the formation of a selection gate electrode 132
(CG) and a gate msulation layer 133 for the SG-memory
device 101B.

FIG. 16 depicts the I1C product 100 after a patterned etch
mask 134, e.g., a patterned layer of photoresist, OPL, etc.,
was formed on the IC product 100. The patterned etch mask
134 has an opening 134A that exposes portions of the
sidewall spacer 112 and the sidewall spacer 120 that are
positioned adjacent the selection gate electrode 132 and
nearest the source/drain region 119B. The opening 134A
also exposes a portion of the selection gate electrode 132
(CG) and the gate nsulation layer 133.

FIG. 17 depicts the IC product 100 after an etching
process was performed to remove the exposed portions of
the sidewall spacer 112 and the sidewall spacer 120 selec-
tively relative to surrounding materials. This results 1n the
formation of a memory gate cavity 136 for the SG-memory
device 101B. Note that, 1n the depicted example, the for-
mation of the memory gate cavity 136 1s a self-aligning
process.

FI1G. 18 depicts the IC product 100 after several process
operations were performed. First, the patterned etch mask
134 (see FIG. 17) was removed. Next, various process
operations were performed to form the memory gate elec-
trode 142 (MG) and a plurality of layers of insulating
material 140A, 140B 140C (collectively referenced using
the numeral 140) 1n the memory gate cavity 136. In one
illustrative example, a first conformal deposition process
was performed to form a first conformal layer of insulating
material 140A 1in the memory gate cavity 136. The first
conformal layer of insulating material 140A may be com-
prised of a varniety of different materials, e.g., silicon diox-
ide, and its thickness may vary depending upon the particu-
lar application, e.g., 2-10 nm. Next, a conformal deposition
process was performed to form a second conformal layer of
insulating material 140B on and in contact with the first
conformal layer of insulating material 140A. The second
conformal layer of insulating material 140B may be com-
prised of a variety of different materials, e.g., silicon nitride,
and its thickness may vary depending upon the particular
application, e.g., 5-20 nm. Thereafter, another conformal
deposition process was performed to form a third conformal
layer of msulating material 140C on and 1n contact with the
second conformal layer of insulating material 140B. The
third conformal layer of insulating material 140C may be
comprised of a variety of different matenals, e.g., silicon
dioxide, and 1ts thickness may vary depending upon the
particular application, e.g., 5-15 nm.

In one illustrative example, the first conformal layer of
insulating material 140A may be made of silicon dioxide and
may function as a tunneling oxide layer of the SG-memory
device 101B. In one illustrative example, the second con-
formal layer of insulating material 140B may be made of
s1licon mitride and may function as a charge storage layer of
the SG-memory device 101B. In one illustrative example,
the third conformal layer of insulating material 140C may be
made of silicon dioxide and may function as an insulating
oxide layer of the SG-memory device 101B.

With continuing reference to FIG. 18, one or more con-
ductive material layers for the memory gate electrode 142
(MG) were then formed above the second conformal layer of
insulating material 140B and within the remaining unfilled
portions ol the memory gate cavity 136. In one 1llustrative
embodiment, the memory gate electrode 142 (MG) may be
comprised of any suitable metals, such as TiN, TaN, Pt, Al,
W, Ru, Co, Cu, or heavily doped silicon, silicided polysili-

5

10

15

20

25

30

35

40

45

50

55

60

65

8

con, etc. After the materials of the memory gate electrode
142 (MG) were formed 1n the memory gate cavity 136, one
or more CMP process operations were then performed to
remove excess portions of the materials of the memory gate
clectrode 142 (MG) and the msulating layers 140 positioned
outside the memory gate cavity 136. As mentioned above,
this results in the formation of the memory gate electrode
142 (MG) for the SG-memory device 101B as well as the
conformal layers of insulating material 140 positioned
around the memory gate electrode 142 (MG). Note that,
when viewed 1n a cross-section taken through the memory
gate electrode 142 (MG) 1n a direction corresponding to the
gate length direction, all of the insulating material layers
140A, 140B and 140C have a unique generally U-shaped
configuration. Sumilarly, the gate msulation layer 133 posi-
tioned on the selection gate electrode 132 (CG) of the
SG-memory device 101B also has a unique generally
U-shaped configuration when viewed in a similar cross-
sectional view taken through the selection gate electrode 132
(SG).

With continuing reference to FIG. 18, 1mn some applica-
tions, various protective gate hardmasks 144 may be formed
above the final gate structures 130 of the transistor devices
101 A and the selection gate electrode 132 (CG) and the gate
insulation layer 133 of the SG-memory device 101B. A
protective gate hardmask 144 may also be formed over at
least the memory gate electrode 142 (MG). However, 1n
other applications, the formation of such protective gate
hardmasks 144 may be omitted entirely, 1.e., the gate hard-
masks 144 may not be formed 1n either the logic region or
the memory region. To the extent that such gate hardmasks
144 are formed, a timed, recess etching process was per-
formed to recess the materials of the final replacement gate
structures 130 of the transistor devices 101A, the selection
gate electrode 132 (CG), the gate nsulation layer 133 and
the memory gate electrode 142 (MG) so as to thereby make
room for the gate hardmasks 144 to be formed above the
recessed materials. The gate hardmasks 144 may be formed
by depositing a layer of gate hardmask material, e.g., silicon
nitride, across the substrate and above the recessed materials
of the final replacement gate structures and thereafter per-
forming a CMP process to remove the excess gate hardmask
material.

FIG. 19 depicts the IC product 100 after several process
operations were performed. First, an etching process was
performed to remove the insulating material 118 (see FIG.
18) between the gates 106 1n the logic region so as to thereby
expose the ep1 material 116 1n the logic region and to form
openings 124X 1n the insulating material 124 so as to
thereby expose at least portions of the ep1 material 116 in the
memory region. At that point, conductive source/drain struc-
tures 145, e.g., trench silicide containing regions, were
formed so as to contact the ep1 material 116. The configu-
ration and structure of the conductive source/drain structures
145 may vary depending upon the particular application. In
one example, the conductive source/drain structures 145 are
line-type structures that extend into and out of the plane of
the drawing page 1n FIG. 18 that extend for substantially the
entire length of the active region (1n a direction that corre-
sponds to the gate width direction of the device). In some
cases, the conductive source/drain structures 143 comprise a
trench metal silicide material (not separately shown) that 1s
formed on and 1n contact with the ep1 material 116, and a
metal material, such as tungsten (not separately shown), that
1s formed on and in contact with the trench metal silicide
material. After the formation of the materials that make up
the conductive source/drain structures 145, a chemical
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mechanical polishing (CMP) process was performed to
remove excess materials located above the upper surface of
the gate hardmasks 144.

Still referencing FIG. 19, additional insulating material
146, ¢.g. silicon dioxide, a low-k material, was formed on
the IC product. At that point, openings 146X were formed in
the layer of insulating material 146 so as to expose a portion
of the conductive source/drain structures 145. Thereafter,
conductive source/drain contact structures 148 were formed
in the openings 146X. Conductive gate contact structures
(not shown) may also be formed at this time to contact the
various gate structures on the IC product 100. The conduc-
t1ve source/drain contact structures 148 may be comprised of
a variety of different materials and they may be formed by
performing various manufacturing techniques. In one 1llus-
trative example, one or more conformal barrier layers and/or
seed layers (not separately shown) were formed so as to line
the contact openings 146X, and one or more conductive
materials (e.g., copper, a metal-containing material, a metal
compound, etc.) were then formed on the product 100 so as
to overfill the openings 146X. At that point, a CMP process
was performed to remove excess portions of the conductive
materials from above the upper surface of the layer of
insulating material 146. The conductive source/drain contact
structures 148 conductively contact the upper surface of the
underlying conductive source/drain structure 145.

FIG. 20 1s an enlarged cross-sectional view of the SG-
memory device 101B. FIG. 21 1s an enlarged plan view of
the SG-memory device 101B with the gate hardmasks 144
removed. As depicted, the memory gate electrode 142 (MG)
1s positioned adjacent the selection gate electrode 132 (CG).
Moreover, as shown 1n FIG. 20, when viewed 1n a cross
section taken in the gate length direction, the memory gate
clectrode 142 (MG) comprises first and second opposing
sidewall surfaces 142X, 142Y and a bottom surface 1427. In
some embodiments, the first and second opposing sidewall
surfaces 142X, 142Y may be substantially vertically ori-
ented relative to the upper surface 102 A of the substrate 102.
Considered collectively, a first portion (within the dashed
line region 140X) of the plurality of layers of insulating
material 140 1s positioned between the selection gate elec-
trode 132 (CG) and the first opposing sidewall surface 142X
of the memory gate electrode 142 (MG), a second portion
(within the dashed line region 140Y) of the plurality of
layers of mnsulating material 140 1s positioned between the
bottom surface 1427 of the memory gate electrode 142
(MG) and the upper surface 102A of the semiconductor
substrate 102 and a third portion (within the dashed line
region 1407) of the plurality of layers of insulating material
140 1s positioned on the second opposing sidewall 142Y of
the memory gate electrode 142 (MG). A portion of the
conformal layers of insulating material 140 (considered
collectively) also contacts and engages the gate insulation
layer 133 on the selection gate electrode 132 (CG) for
substantially the entire height of the gate insulation layer
133. More specifically, a portion of the first conformal layer
ol isulating material 140A contacts and engages the gate
insulation layer 133 for substantially the entire height of the
gate msulation layer 133. Another portion of the first con-
formal layer of insulating material 140A contacts and
engages the upper surface 102A of the substrate 102.

Additionally, an outer surface of the second conformal
layer of insulating material 140B 1s positioned on and 1n
contact with the mnner surface of the first conformal layer of
insulating material 140A. The outer surface of the third
conformal layer of insulating material 140C 1s positioned on
and 1n contact with the inner surface of the second conformal
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layer of insulating material 140B. The iner surface of the
third conformal layer of nsulating maternial 140C 1s posi-
tioned on and in contact with the first opposing sidewall
surface 142X, the second opposing sidewall 142Y and the
bottom surface 1427 of the memory gate electrode 142
(MG).

FIGS. 20 and 21 depict another unique structure for the
SG-memory device 101B. The selection gate electrode 132
(CG) and the gate 1nsulation layer 133 define a overall gate
structure that has first and second opposing lateral sidewalls
135X, 135Y. The combination of the mner spacer 112 and
the outer spacer 120 are positioned adjacent only one of the
opposing lateral sidewalls, e.g., the sidewall 135X of the
overall gate structure. This 1s the result of the etching step
that was performed to form the memory gate cavity 136 as
shown 1n FIG. 17.

Returning to FIG. 20, the region of epitaxial semiconduc-
tor material 116 positioned in the first source drain region
119A 15 partially positioned under the second sidewall
spacer 120 and it has a first vertical thickness 116X. The
second region of epitaxial semiconductor material 116 posi-
tioned adjacent the memory gate electrode 142 (MG) has a
second vertical thickness 116Y, wherein the first vertical
thickness 116X 1s greater than the second vertical thickness
116Y. In one 1llustrative example, the difference between the
thicknesses 116X and 116Y may be about 0-20 nm.

FIGS. 22-27 depict yet another illustrative process flow
that may be employed to form the IC products 100 disclosed
herein. However, in this illustrative process flow, the
memory gate electrode 142 (MG) and the plurality of layers
of msulating material 140 for the SG-memory device 101B
will be formed prior to the formation of the final gate
structures 130 for the transistors 101A, the selection gate
clectrode 132 (CG) and the gate msulation layer 133 of the
SG-memory device 101B. FIG. 22 corresponds to the point
of fabrication shown 1n FIG. 13, 1.e., atter removal of the
gate hardmasks 111.

FIG. 23 depicts the IC product 100 after the above-
described patterned etch mask 134 was formed on the IC
product 100. As before, the patterned etch mask 134 has an
opening 134 A that exposes a portion of the sidewall spacer
112 and a portion of the sidewall spacer 120 that are
positioned adjacent the sacrificial gate structure 108 for the
selection gate electrode 132 (CG) and nearest the source/
drain region 119B. The opening 134A also exposes a portion
of the sacrificial gate electrode of the sacrificial gate struc-
ture 108 for the selection gate electrode 132 of the SG-
memory device 101B.

FIG. 24 depicts the IC product 100 after an etching
process was performed to remove the exposed portions of
the sidewall spacer 112 and the sidewall spacer 120 selec-
tively relative to surrounding materials. This results 1n the
formation of the above-described memory gate cavity 136
for the SG-memory device 101B. Note that, in the depicted
example, the formation of the memory gate cavity 136 1s a
self-aligning process and that the memory gate cavity 136
exposes a portion of the sidewall of the sacrificial gate
structure 108.

FIG. 25 depicts the IC product 100 after several process
operations were performed. First, the patterned etch mask
134 (see FIG. 24) was removed. Next, various process
operations were performed to form the above-described
memory gate electrode 142 (MG) and the plurality of layers
ol insulating material 140 1n the memory gate cavity 136.
That 1s, the above-described first conformal layer of 1nsu-
lating material 140A, the above-described second conformal
layer of isulating material 140B, the above-described third
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conformal layer of insulating material 140C and the mate-
rials for the above-described memory gate electrode 142
(MG) were sequentially formed in the memory gate cavity
136. As before, after the materials of the memory gate
clectrode 142 (MG) were formed 1n the memory gate cavity
136, one or more CMP process operations were then per-
formed to remove excess portions of the materials of the
memory gate electrode 142 (MG) and the plurality of layers
of insulating material 140 positioned outside the memory
gate cavity 136. Note that, as before, when viewed 1n a
cross-section taken through the memory gate electrode 142
(MG) 1 a direction corresponding to the gate length direc-
tion, the layers of insulating material 140A, 140B and 140C
cach have a unique generally U-shaped configuration.

With continuing reference to FIG. 25, and as noted above,
in some applications, a protective gate hardmask 144 may be
formed above the memory gate electrode 142 (MG) as
depicted 1n FIG. 23. In the situation depicted 1n FIG. 25, all
of the materials of the memory gate electrode 142 (MG) and
all of the plurality of layers of insulating material 140 were
recessed to make room for the protective gate hardmask 144.
As belore, the gate hardmask 144 shown in FIG. 25 may be
tormed by depositing a layer of gate hardmask material, e.g.,
silicon nitride, across the substrate 102 and above the
recessed materials of the memory gate electrode 142 (MG)
and the recessed plurality of layers of insulating material
140 and thereafter performing a CMP process to remove the
excess gate hardmask matenal.

FIG. 26 depicts the IC product 100 after several process
operations were performed to form the above-described final
replacement gate structure 130 for the transistors 101A in
the logic region and to form the selection gate electrode 132
(CG) and the gate insulation layer 133 of the SG-memory
device 101B. Although not depicted 1n FIG. 26, the process
begins with the removal of the sacrificial gate structures 108
so as to form the above-described gate cavities 125, as
described above in connection with FIG. 14. At that point,
the above-described final replacement gate structure 130 for
the transistors 101 A were formed in the gate cavities 125 in
the logic region and the above-described selection gate
clectrode 132 (CG) and gate insulation laver 133 were
formed 1n the gate cavity 125 of the SG-memory device
101B. As before, after these materials were formed i1n the
replacement gate cavities 125, one or more CMP process
operations were then performed to remove excess portions
ol these maternals positioned outside the replacement gate
cavities 125.

FI1G. 27 depicts the IC product after the formation of the
optional protective gate hardmasks 144 above the final gate
structures 130 of the transistor devices 101 A and the selec-
tion gate electrode 132 (SG) and gate msulation layer 133
using the methods previously described. At the point of
processing depicted m FIG. 27, the above-described con-
ductive source/drain structures 145 and the above-described
conductive source/drain contact structures 148 may be
formed using the methods disclosed above and discussed 1n
connection with FIG. 18. As before, the gate insulation layer
133 also has a umique generally U-shaped configuration
when viewed 1n a cross-sectional view taken through the
selection gate electrode 132 (SG) 1n the gate length direction
of the device.

As will be appreciated by those skilled 1n the art after a
complete reading of the present application, the novel meth-
ods disclosed herein for formation of selection gate elec-
trode 132 (CG) and the memory gate electrode 142 (MG) of
the SG-memory device 101B are highly compatible with the
process flows used to form gate structures 130 on transistors
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101 A 1n high-density logic areas on an IC product 100. For
example, the methods and structures disclosed herein can be
employed to form FinFET based transistors 101A 1n the
logic region wherein the transistors have a very tight gate
pitch while at the same time forming the gate insulation
layer 133 and the selection gate electrode 132 (CG) for the
SG-memory device 101B Moreover, the methods disclosed
herein enable the formation of the plurality of layers of
insulating material 140 and the memory gate electrode 142
of the SG-memory device 101B 1n a memory gate cavity 135
alter removing portions of the sidewall spacers 112 and 120
to form the memory gate cavity 136. As noted above, the
gate isulation layer 133 positioned on the selection gate
clectrode 132 (CG) and the layers of insulating material
140A, 140B and 140C positioned adjacent the memory gate
clectrode 142 (MG) all have a generally U-shaped configu-
ration when viewed 1n a cross-section taken in a direction
corresponding to the gate length direction of the devices.
The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. For

example, the process steps set forth above may be performed
in a different order. Furthermore, no limitations are intended
to the details of construction or design herein shown, other
than as described in the claims below. It 1s therefore evident
that the particular embodiments disclosed above may be
altered or modified and all such vanations are considered
within the scope and spirit of the invention. Note that the use
of terms, such as “first,” “second,” *“third” or *“fourth” to
describe various processes or structures in this specification
and 1n the attached claims i1s only used as a shorthand
reference to such steps/structures and does not necessarily
imply that such steps/structures are performed/formed 1n
that ordered sequence. Of course, depending upon the exact
claim language, an ordered sequence of such processes may
or may not be required. Accordingly, the protection sought
herein 1s as set forth in the claims below.

The mvention claimed 1s:

1. An mtegrated circuit product, comprising;:

a semiconductor substrate comprising an upper surtace;

a conductive selection gate electrode and a first gate
insulation layer positioned above the semiconductor
substrate, the first gate insulation layer being positioned
adjacent the conductive selection gate electrode,

a conductive memory gate electrode positioned above the
semiconductor substrate and adjacent the conductive
selection gate electrode, the conductive memory gate
clectrode comprising a bottom surface and first and
second opposing sidewall surfaces; and

a plurality of layers of insulating material, a first portion
of the plurality of layers of insulating material being
positioned between the first gate insulation layer and
the first opposing sidewall of the conductive memory
gate electrode, a second portion of the plurality of
layers of insulating material being positioned between
the bottom surface of the conductive memory gate
clectrode and the upper surface of the semiconductor
substrate and a third portion of the plurality of layers of
insulating material being positioned and in contact with
an enfirety of the opposing sidewall and the bottom
surface of the conductive memory gate electrode,
wherein a first sidewall of the second portion 1s 1n
continuous contact with a sidewall of the third portion
and a second sidewall of the second portion 1s 1n
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continuous contact with a first sidewall of the first
portion, wherein the plurality of layers are conformal
with each other.

2. The integrated circuit product of claim 1, wherein the
plurality of layers of insulating material comprises first,
second and third layers of insulating material, wherein the
first layer of insulating material i1s positioned on and 1n
contact with the first gate insulation layer and on and 1n
contact with the upper surface of the semiconductor sub-
strate, the second layer of insulating material 1s positioned
on and in contact with the first layer of insulating material,
the third layer of insulating material 1s positioned on and in
contact with the second layer of insulating material and
wherein the third layer of insulating matenal 1s positioned
on and 1n contact with the first opposing sidewall surface,
the bottom surface and the second opposing sidewall surface
of the conductive memory gate electrode.

3. The mtegrated circuit product of claim 1, wherein the
plurality of layers of insulating material comprises a tun-
neling oxide layer, a charge storage layer and an insulating
oxide layer, the charge storage layer comprising silicon
nitride.

4. The mtegrated circuit product of claim 2, wherein the
first layer of 1nsulating material comprises silicon dioxide,
the second layer of insulating material comprises silicon
nitride, the third layer of insulating material comprises
silicon dioxide and the conductive memory gate electrode
comprises a metal or polysilicon.

5. The integrated circuit product of claim 1, wherein the
conductive selection gate electrode has a gate length that
extends 1n a gate length direction, and wherein, 1n a cross-
sectional view taken through the plurality of layers of
insulating material and the conductive memory gate elec-
trode 1n a direction corresponding to the gate length direc-
tion, each of the plurality of layers of insulating material
have a generally U-shaped configuration.

6. The integrated circuit product of claim 5, wherein, 1n a
cross-sectional view taken through the first gate isulation
layer 1in a direction corresponding to the gate length direc-
tion, the first gate isulation layer has a generally U-shaped
configuration.

7. The integrated circuit product of claim 1, wherein the
first and second opposing sidewalls are substantially verti-
cally oniented relative to the upper surface of the semicon-
ductor substrate.

8. The integrated circuit product of claim 1, wherein a
portion ol the first gate insulation layer 1s positioned
between the conductive selection gate electrode and the first
portion of the plurality of layers of msulating material for
substantially an entire vertical height of the conductive
selection gate electrode.

9. The mtegrated circuit product of claim 7, wherein the
first portion of the plurality of layers of insulating material
1s positioned on and in contact with the first gate isulation
layer.

10. The integrated circuit product of claim 1, further
comprising a transistor formed 1n a logic region, the tran-
sistor comprising a gate insulation layer and a conductive
gate electrode, wherein the gate insulation layer of the
transistor and the first gate insulation layer comprise a same
first material and wherein the conductive gate electrode of
the transistor and the conductive selection gate electrode
comprise a same second material.

11. The mtegrated circuit product of claim 1, wherein the
conductive selection gate electrode and the first gate 1nsu-
lation layer define a first gate structure that comprises
opposing lateral sidewalls, wherein the product turther com-
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prises a first mner sidewall spacer and a second outer
sidewall spacer positioned on the first inner sidewall spacer,
wherein, considered collectively, the first mner sidewall
spacer and the second outer sidewall spacer are positioned
adjacent only one of the opposing lateral sidewalls of the
first gate structure.

12. The mtegrated circuit product of claim 11, wherein the
first inner sidewall spacer has a first width at 1ts base and the
second outer sidewall spacer has a second width at 1ts base,
wherein the second width 1s greater than the first wadth.

13. The integrated circuit product of claim 12, wherein the
first 1nner sidewall spacer and the second outer sidewall
spacer are made of a same material.

14. The integrated circuit product of claim 11, further
comprising first and second regions of epitaxial semicon-
ductor matenial, the second region of epitaxial semiconduc-
tor material being positioned adjacent the conductive
memory gate electrode, wherein at least a portion of the first
region of epitaxial semiconductor material 1s partially posi-
tioned under the second sidewall spacer and wherein a
vertical thickness of the first region of epitaxial semicon-
ductor material 1s greater than a vertical thickness of the
second region of epitaxial semiconductor material.

15. An mtegrated circuit product, comprising:

a semiconductor substrate comprising an upper surface;

a conductive selection gate electrode and a first gate
insulation layer positioned above the semiconductor
substrate, the first gate insulation layer being positioned
on the conductive selection gate electrode,

a conductive memory gate electrode positioned above the
semiconductor substrate and adjacent the conductive
selection gate electrode, the conductive memory gate
clectrode comprising a bottom surface and first and
second opposing sidewall surfaces;

a first layer of insulating material positioned on and 1n
contact with the first gate insulation layer and on and 1n
contact with the upper surface of the semiconductor
substrate;

a second layer of insulating material positioned on and 1n
contact with the first layer of msulating material; and

a third layer of insulating material, wherein an outer
surface of the third layer of insulating matenial 1s
positioned on and in contact with the second layer of
insulating material and an inner surface of the third
layer of insulating material 1s positioned on and 1n
contact with the first opposing sidewall surface, the
bottom surface and the second opposing sidewall sur-
face of an entirety of a bottom surface of the conductive
memory gate electrode, wherein the second layer 1s 1n
continuous contact with an entirety of the third layer
and the second layer i1s 1n continuous contact with an
entirety of the first layer, wherein the first layer, the
second layer and the third layer are conformal with
cach other.

16. The integrated circuit product of claim 15, wherein the
third layer of insulating material 1s a tunneling oxide layer
that comprises silicon dioxide, the second layer of insulating
maternial 1s a charge storage layer that comprises silicon
nitride and the third layer of insulating maternial 1s an
isulating oxide layer that comprises silicon dioxide.

17. The mtegrated circuit product of claim 135, wherein a
portion of the first gate insulation layer 1s positioned
between the conductive selection gate electrode and the first
layer of insulating material for substantially an entire ver-
tical height of the conductive selection gate electrode.

18. The integrated circuit product of claim 15, further
comprising a transistor formed 1n a logic region, the tran-
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sistor comprising a gate insulation layer and a conductive
gate electrode, wherein the gate insulation layer of the
transistor and the first gate insulation layer comprise a same
first material and wherein the conductive gate electrode of
the transistor and the conductive selection gate electrode 5
comprise a same second material.

19. The integrated circuit product of claim 15, wherein the
conductive selection gate electrode and the first gate 1nsu-
lation layer define a first gate structure that comprises
opposing lateral sidewalls, wherein the product turther com- 10
prises a lirst mner sidewall spacer and a second outer
sidewall spacer positioned on the first inner sidewall spacer,
wherein, considered collectively, the first inner sidewall
spacer and the second outer sidewall spacer are positioned
adjacent only one of the opposing lateral sidewalls of the 15
first gate structure.

20. The integrated circuit product of claim 19, wherein the
first inner sidewall spacer has a first width at 1ts base and the
second outer sidewall spacer has a second width at 1ts base,
wherein the second width 1s greater than the first width. 20
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